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T LFV: Introduction

T lepton flavour and baryon number violation at LHCb

=» Lepton flavour violating (LFV)
decay 1~ — u~utu~ forbidden
in SM

=» Suppressed in SM + neutrino
oscillations to B ~ 1074

Search for baryon number
violation (BNV) processes so far
unsuccessful
< 1 —>pututand T - put T
=» Enhanced by new physics - boﬁmyA(% —L)=0as PH

-8
— can be as large as 10 required in the SM and most of

=» Current experimental upper limit its extensions
-8
of 2.1 107° from Belle - Limitson 7 — Ahand B — Al
in the range 10~7 — 1078 from
- i BaBar and Belle
. 2 T o upptuTand T - pup

N H ..
HO, A0S < analyses follow a similar strategy
I
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http://www.sciencedirect.com/science/article/pii/S0370269310003576
http://arxiv.org/abs/1101.3830
http://arxiv.org/abs/1207.1158

T LFV: Event selection and normalisation

T — pupp and T — pup: Analysis strategy

=?» Inclusive 7 cross-section is
(80.0 £9.4) ub at Vs=8TeVin
LHCb acceptance

= 2.5x 10" 7 leptons produced
during LHC Run 1

=*» 7 mainly from Ds — tv. decays o e
(~ 800/0) Date

Relative normalisation to Ds — ¢(up)m
Loose cut-based selection followed by 3D classification:
1) Decay topology and kinematics
2) Particle identification (replaced by PID cuts for T — ppu)
3) Invariant mass
=» Classifiers trained on simulated signal and calibrated on control
channels

=» Limit from CLg method (J. Phys. G: Nucl. Part. Phys. 28 (2002) 2693)

Integrated Luminosity by year [fb™]

U

Jon Harrison (Manchester) T physics @ LHCb CHARM 2015, 20.05.15 3/15


http://iopscience.iop.org/0954-3899/28/10/313/

T LFV: Event selection and normalisation

Ds — ¢(up)m decays in data

=» Branching fraction of normalisation channel, 8(Ds — (1)), from:
B(Ds = p(KK)n)

B(p — pu)=(1.32+0.10) x 107

B(p — KK)
&\3500-:'- T T T T =
-> from a %30005 JHEP 02 (2015) 121 LHCDb —E
gaussian fit to data with = s00f
an exponential \?3/20005
background component X 1500F
= Fit separately for E 1000f s
data taking period and 500f- LT E
T ppp/ T = pup Qoz0 1540 190 1980 2000
selections m(@(u*u7)mr) [MeVie]

2fb~", T — uupu selection
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http://link.springer.com/article/10.1007%2FJHEP02%282015%29121

T LFV: Event selection and normalisation

Signal and background discrimination - M3body

=» Two multivariate classifiers, Mapody and Mpip (T — ppp only)

-> M3body includes: vertex and

track fit quality, vertex ] X
displacement, vertex pointing, P /D SV
vertex isolation and 7 pr P\']_ ................. _\@DV
=» Blended BDT classifier % ""xu
n
._g 1 T = T T T 3 /
g_ E ! JHEP 02 (2015) 121 LHCb
2 ‘
§ =» Trained on signal and
8 ] background MC
S 102F —-Smuaed - prpw Loy =» Response calibrated on
= —— Cadlibrated 77— -ty v
8 ---- Dtadebands | o] Dg — ¢7t~ data to account for
0 0z 04 06 moa(z'?%mn - data-MC differences
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http://link.springer.com/article/10.1007%2FJHEP02%282015%29121

T LFV: Event selection and normalisation

Signal and background discrimination - Mpp

HCAL
ECAL Ms
SPD/PS o M

RICH2 M)
’T I]

=> Mpp includes: information
from RICH, ECAL, HCAL and

=» Neural network probability

g =» Trained on signal and

g background MC

g | =» Calibrated on J/¢ — uu data

2 10 Smuated 7y = Fort — apply hard PID

§ ol 3;:;22;(,;"‘ T cuts, optiﬂilsid 2?1 };ignal MC and
OO eponss data sidebands
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http://link.springer.com/article/10.1007%2FJHEP02%282015%29121

T LFV: Event selection and normalisation

Normalisation factor

Bt = Xpu) =

T

€D;—>¢n % Nz xuy

B(Ds — q‘)(yy)ﬂ) X B(Ds — V) €r—Xuu

- fgs is the fraction of t from Ds (80%), from LHCb cross-section
measurements and LEP/B-factory branching fractions

B(Ds — tv) from arXiv:hep-ex/1201.2401

€ are the efficiencies to select signal and normalisation events,
calculated using MC

L

4

Systematics cancel in ratio of efficiencies

2

B(Ds — O(pp)m) and described earlier
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http://arxiv.org/abs/1201.2401

T LFV: Backgrounds

Backgrounds

=» Backgrounds at LHCb from decays of heavy mesons with either:
=» Three real final state muons (t — puu only)

1.6 —
2., LHCb simulation
> 14k

=» For © — ppp most O.12F Pt

significant peaking S 1f gy JHEP 02 2019) 121
background from %0.8}
06F
=» 90% removed by a cut on 04F
M+ > 450 MeV/c? 0.2

02040608 1 1214 16°
m(,u*ul‘) [GeVic?]

Ds = n(upy)uvy MC
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http://link.springer.com/article/10.1007%2FJHEP02%282015%29121

T LFV: Backgrounds

Backgrounds

=» Backgrounds at LHCb from decays of heavy mesons with either:

=>» Three real final state muons (t — puu only)
=» One or two real muons and one or two mis-identified particles

E 240 T T T T

220F E
=¥ Large mis-ID contribution g 200F E
180F E
from 2 160F E
decays in lowest Mpp bins g ooE E
— Removed by excluding ks 138;: E
the lowest Mpp bins g oop , ) 3
40F E
=» No peaking backgrounds G ..o

expected for T — p‘u‘u 1840 1860 1880 1900
JHEP 02 (2015) 121 mK*rm) [MeVic

2fb~!, D — K~nt it hypothesis
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http://link.springer.com/article/10.1007%2FJHEP02%282015%29121

T LFV: Backgrounds

Background fits

& °F [Msbody € 1094,1.0] E
g sk | Mpp & [0.80,1.0] E
o LHCb 3
~oAE E
@/ F 3
S
g
g
8 1f
8 Il

0 L

1600 1700 1800 1900

JHEP 02 (2015) 121 mpppr) [Mevic]

: Mspody € [0.40,1.0]

LHCb

Candidates/ (10 MeV/c?)
O B N W d O N

oo™
m(putu) [Mev/cg]

PLB 724 (2013) 36

Background estimate in signal
region from data sidebands

Most signal-like bin in 2fb~" for
T — p~utu (left), and 2 most
signal-like bins merged in 1 fb™"
for = — pu ™~ (bottom left)
and 7 — pu~ u~ (bottom right)

PLB 724 (2013) 36

=
o

_ Mapody € [0.40,1.0] LHCb 1

Candidates/ (10 MeV/c?)
N (=) 0

N

0

1800
mpu i) [Mevie?]
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http://link.springer.com/article/10.1007%2FJHEP02%282015%29121
http://arxiv.org/abs/1304.4518
http://arxiv.org/abs/1304.4518

T LFV: Results

7 LFV and BNV results

6

10

o 8 2 40 60 2 ) 60
JHEP 02 (2015) 121 B ) (x 10°1 | | PLB 724 (2013) 36 BR@—F & 1) 1x10% | | PLB 724 (2013) 36 BR—p & 1) [x10%

=» First T LFV results at a hadron collider
=» First ever constraintson 1~ — pu ™y~ and ©° — pu
= 7~ — u~pTu” results recently updated to use full Run | data sample

Channel Expected (90% CL) Observed (90% CL)
T o uTutu 5.0x 1078 4.6x1078
T —putyu” 4.6x1077 3.3x1077
T o puT 5.4x1077 4.4%x1077
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http://link.springer.com/article/10.1007%2FJHEP02%282015%29121
http://arxiv.org/abs/1304.4518
http://arxiv.org/abs/1304.4518

T LFV: Results

Combination of T LFV results
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hA = [Summer 2014

L] v BaBar
+ Belle
= LHCb

HFAG

=» LHCb and B-factory results on 7 LFV combined by HFAG using CLs

method

— Combined limiton 7= — p~u*u~ of 1.2 x 1078

Jon Harrison (Manchester)

T physics @ LHCb

CHARM 2015, 20.05.15

12/15


http://www.slac.stanford.edu/xorg/hfag/tau/summer-2014/

Z -1t

Inclusive Z — 11 cross-section at 7 TeV

=» Measurements of the Z boson production cross-section are important
tests of the SM

=» LHCb can extend general purpose detector (GPD) results into the
forward region

=» Split analysis into 5 channels oo igaf”
depending on final state: Zr @ £1QCD
1) 1,7 g 0P| L LHC %EE\&K
vt 5= B
2) g Zost VSTV gyl
3 TuTe £ 20 OZ — pp
TeT# [ £
15 F
4) TuTh 2
# 10
5) TeTn .
[s)
=» Dominant Z — 11 and 0

20 40 60 80 100 120

backgrounds are JHEP 01 (2013) 111 My [GeV/e?]

TuTy channel
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http://link.springer.com/article/10.1007%2FJHEP01%282013%29111

Z—>TT
Z — 17 results

=» Individual channel measurements are combined with the BLUE
method (Nucl. Instrum. Meth. A 270 (1988) 110) to give:
Opp—z—tt = 71.4 £ 3.5gtat £ 2.8yst + 2.51ymi PO
where 2.0 < n* < 4.5and p; > 20 GeV/c and 60 < M, < 120 GeV/c?
-» Ratio of cross-sections, “2=2=* = .93 + 0.09

Opp—Z—pupu
— Consistent with lepton universality (also for Z — ee)

| TuTu

L+ TuTe

+— TeTu

H——H TuTh

A — T

et s

—t——+— i
I I I I L] I I I
55 60 6 70 kG 80 8! 90

JHEP 01 (2013) 111 Tpp—>z—ee [PH]

from DYNNLO (PRL 98 (2007) 22) with MSTW08 NNLO
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http://www.sciencedirect.com/science/article/pii/0168900288900186
http://link.springer.com/article/10.1007%2FJHEP01%282013%29111
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.222002

Summary
Summary

-» First 7 LFV results at a hadron collider with 7~ — u~u* ™,
1T > putuand T - puT T

=» LHCb is closing in on the world’s best single-experiment limit for
T~ — u~pu~ and contributing to the world average

=» First ever constraintson 1~ — putu~and 1= — pup”

=» Measurement of Z boson production in the forward region using
decays complements results from GPDs

=» Studies underway on B — D*tv,, By — 77, B — K*tu and more

LHCb is making significant contributions to T physics
— more to come as we approach the start of Run 2
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Backup

The LHCb trigger: 2010 + 2011

=» The trigger reduces the event
rate via:

1) LO: Hardware selection using
calo clusters and muon
system hits

2) HLT1: Loose software
selection using VELO and
tracking station tracks

3) HLT2: Full software
reconstruction creates
composite particles

40 MHz bunch crossing rate

-
LO Hardware Trigger : 1 MHz
readout, high E1/Py signatures

[ Software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive

selection alﬂorithms )

5 kHZ Rate to storage

2 kHz
Inclusive/
Exclusive

Charm

1 kHz
Muon and
DiMuon

2 kHz
Inclusive
Topological
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The LHCb trigger: 2012

4L

Introduction of partial deferred triggering in 40 MHz bunch crossing rate
2012 . . !
20% of events passing L0 saved to disk and [';;22;‘::“’;;;7;}‘gfrs;g}‘;ﬂ:es]
processed inter-fill [ I I ]
Effective 20% increase in CPU power T

Used to reduce track pr thresholds ﬁ Defer 20% to disk ]
from 500 to 300 MeV ~~

Software High Level Trigger

— significant trigger efficiency 29000 Logical CPU cores
improvements for decays e comstratata - om tuned to trigger
with low pr tracks cloction agarithms
Further improvements for Run I
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